ABSTRACT
InTRODUCTIOn
Oral squamous cell carcinoma remains a serious problem of oral health worldwide. Globally, head and neck squamous cell carcinoma is the sixth most common malignancy and it accounts for approximately 5% of the malignant tumours in the developed countries. Whereas, in the developing countries, it is the most common malignancy which accounts for up to 50% of the malignant tumours.
Oral squamous cell carcinoma has a complex biological behaviour and despite the advances in the treatment modalities, the 5-year survival rates of the patients with oral squamous cell carcinoma have improved only slightly. This has led to an interest in predicting its possible future behaviour, so that alternative therapeutic strategies can be tailored to treat the severity of the tumour.
The molecular biological markers of OSCC have been extensively studied to aid in the prevention and the prognosis of OSCC. However, no marker has been universally accepted so far.
Angiogenesis or neovascularization, which is the formation of a new microvasculature, is an important component in many biological processes, both in physiological conditions, such as the proliferating endometrium and embryogenesis, and in pathological conditions, such as rheumatoid arthritis and neoplastic diseases [1] . Angiogenesis has been known to aid in the progression and the metastasis of many malignant tumours which include tumours of the lung [2] , breast [3] , oesophagus [4, 5] and the oral cavity [6 -12] .The induction of angiogenesis is mediated by several stimulatory and inhibitory molecules which are released by both the tumour and the host cells and it depends on a net balance between the stimulatory angiogenic and the inhibitory anti-angiogenic factors [13] .
Among the various host immune cells, the mast cells have been implicated in tumour progression because they promote angiogenesis [5, 14] . To examine the relationship between the mast cell density and the histological grade of OSCC, we analyzed the mast cell density (MCD) in different grades of OSCC and compared it with that of the normal mucosa by using the 1% Toluidine blue stain as the mast cells stain metachromatically with Toluidine blue.
SUBjeCTS AnD MeThODS
Formalin-fixed, paraffin-embedded tissue specimens of 102 cases of OSCC (40 well differentiated OSCC, 50 moderately differentiated OSCC, and 12 poorly differentiated OSCC) were retrieved from the archives.
Seven cases of normal tissues were included in the study as controls. The relevant information regarding the clinical parameters was obtained from the records of the patients.
The cases which were diagnosed clinically and confirmed by histopathological means as squamous cell carcinoma alone, were included in the study. These cases were graded histologically into well differentiated, moderately differentiated and poorly differentiated squamous cell carcinomas.
In brief, 5 μm sections of formalin-fixed, paraffin blocks were deparaffinized with xylene and they were rehydrated with graded alcohols. The slides were stained with 1% Toluidine blue, mounted with DPX and observed under a microscope. The stained sections were studied for metachromasia, which was taken as a positive identification of the mast cells.
Sections of neurofibromas were used as the positive controls for the mast cells.
The slides were studied under a light microscope. The mast cell granules stained brilliant red/purple and the background stained in different shades of blue.
For the determination of the Mast Cell Density (MSD), the stained sections were screened at low power (160X) to identify the areas of the hot spots. A mast cell count was performed at the 640X magnification in three randomly chosen fields in the hot spot areas. The mast cell count was expressed as the number of mast cells per high power field. The average figures which were obtained in the counted hot spot fields were considered as the MCD for a given case. All the counts were performed by a single investigator who had the knowledge of the clinical or the histopathological variables, to eliminate an interobserver variation.
The MCD between OSCC and the normal oral mucosa and among the various grades of OSCC were compared by using the independent Student's 't' test and ANOVA. The statistical correlation of MCD between the various grades in OSCC was analyzed by using Pearson's correlation coefficient.
ReSUlTS
A retrospective study was performed and the study sample comprised of 102 cases of oral squamous cell carcinomas, which consisted of 40 cases of well-differentiated squamous cell carcinomas, 50 cases of moderately-differentiated squamous cell carcinomas, and 12 cases of poorly-differentiated squamous cell carcinomas. 07 cases of normal tissues were included in the study as controls [Table/ Fig-1 ].
By using the independent 't'-test, the MCD was found to be significantly lower in WDSCC (6.22±0.66/HPF) than in the normal oral mucosa (11.42±1.21/HPF); the MCD was found to be lower in MDOSCC (4.64±0.58/HPF) as compared to WDOSCC (6.22± 0.66/HPF) and the normal oral mucosa (11.42±1.21/HPF). Similarly, the MCD was found to be significantly lower in PDOSCC (1.06±0.39/HPF) as compared to the normal oral mucosa (11.42 ± 1.21/HPF) and WDSCC (6.22±0.66/HPF) (P=< 0.01 which was significant at a 1% level) [ 
DISCUSSIOn
A sustained tumour growth requires a positive balance between the tumour cell proliferation and cell death or apoptosis. By using an experimental animal model, it was shown that the initiation of angiogenesis appeared concomitantly with a decrease in the tumour cell apoptosis, while the levels of the tumour cell proliferation remained constant, thus leading to the net tumour growth [10] . The preinvasive malignant cells are known to remain dormant until they become angiogenic, and this is followed by a phase of rapid tumour growth [15, 16] .
Angiogenesis is the outcome of an imbalance between the positive and the negative angiogenic factors which are produced by both the tumour and the host cells [13] . Among the host cells which produce and release the pro-angiogenic and the angiogenic factors are the mast cells [13] . The mast cells are an important source of several proangiogenic and angiogenic factors such as histamine, heparin, chymase, the basic Fibroblast Growth Factor (bFGF), the vascular endothelial growth factor (VEGF), the transforming growth factor-beta (TGF-b) and others [13] .
The tumour angiogenesis and tumour growth have been reported to be less in mast cell deficient mice as compared to those in the mice with normal mast cell numbers [17] . Moreover, the mast cells were shown to induce neovascularization through the carcinogenesis of the squamous cells [18] . The angiogenic factors which include VEGF, bFGF, and the platelet-derived growth factors have been reported to stimulate the mast cell migration. Nineteen Hypoxia might induce the tumour cells to release angiogenic factors, which in turn could chemo attract the mast cells to migrate into the hypoxic areas of the tumour. After their migration into the hypoxic areas, the mast cells may produce angiogenic products that may stimulate the infiltration of even more mast cells [19] .
Various angiogenic factors which are secreted by the mast cells either directly promote angiogenesis by stimulating the migration and/or proliferation of the mast cells or indirectly through the degradation of the extracellular matrix [19] .
The density of the mast cells in a tissue was studied by using histochemical stains like toluidine blue and [5] alcian blue [2] and immunohistochemically [20] by using mast cell tryptase, heparin, chymase, and carboxypeptidase A. The present study employed the quantification of the mast cells in the area of the 'hot spots'. The mast cells were stained with a metachromatic dye, 1% aqueous Toluidine blue and the areas which represented the highest number of mast cells were found by scanning the tumour sections under the 160X magnification. After the identification of the 'hot spots', the individual mast cell counts were made under the 640 X magnification in 3 randomly chosen high power fields (HPFs). The average count of 3 HPFs (640X) was considered as the final count for that case.
In the present study, the average number of the mast cells/ HPF was significantly more for the well-differentiated (6.21±0.66) and the moderately-differentiated (4.58±0.58) oral squamous cell carcinomas as compared to that for the poorly-differentiated (1.05±0.39) oral squamous cell carcinomas. (p<0.01)
These findings were in stark contrast to those which were reported in previous studies which were done on various tumours [21] [22] [23] [24] [25] .
However, Oleiveira-Neto HH et al. found the MCD to be lower in OSCC and in premalignant lesions as compared to that in the normal controls [22] . They attributed it to the migration failure of the mast cells, which possibly reflected a modification in the microenvironment during the tumour initiation and progression. Certain researchers have shown the antitumour functions of the mast cells, which include natural cytotoxicity and the release of antitumour compounds [2] .
Tomita M et al., [2] have put forth two reasons for such conflicting reports on the role of the mast cells. The cytotoxic functions of the mast cells that suppress the tumour activities may be present initially when the mast cells infiltrate the tumour tissue. However, after the infiltration, the tumour cells may promote the angiogenic properties of the mast cells while suppressing their cytotoxic functions, thereby leading to tumour angiogenesis [2] . Secondly, the cell-mediated cytotoxic effects of the mast cells have been reported, with mast cell: tumor ratios which were greater than 20:1 [2] . Conversely, the cytotoxic effects of the mast cells were nullified and the tumour progression was found to be enhanced when the mast cell-tumor ratios were increased from 10:1 to 1:100 [2] . Hence, the effect of the mast cells against the cancer cells might depend on the concentration of the mast cell products in the microenvironment. Based on these findings, Tomita M et al. [2] hypothesized that reversing this process, i.e., enhancing the cytotoxic functions of the mast cells and suppressing their angiogenic functions, could lead to a new anti-cancer treatment strategy. Furthermore, the mast cell heparin inhibitors, protamine and platelet factor 4, have been reported to inhibit angiogenesis [2] .
In the present study, the correlation between MCD and the progression of oral squamous cell carcinoma from well differentiated to poorly differentiated revealed a linear decrease in the MCD, thus suggesting a negative correlation between them. However, if the presence of the mast cells was the key factor in the angiogenesis, there would have been an exponential increase rather than a decrease, thus indirectly suggesting the role of other factors that could have modulated the angiogenesis.
Our results were in concordance with those of Coussens LM et al., [26] study on role of the mast cells during squamous epithelial carcinogenesis in a mouse model. They observed that the stroma in poorly-differentiated carcinoma was devoid of mast cells. They suggested that the angiogenic regulation in squamous carcinogenesis was biphasic. In the early phases, angiogenic activators are released via the mast cell degranulation and as the neoplastic progression proceeds, the angiogenic growth factor gene expression is upregulated in the cancer cells, wherein the tumour cells control the angiogenic phenotype directly, instead of depending upon the manipulation of the inflammatory cells to indirectly affect the neovascularization.
The progressive depletion of the mast cells in the present study from well and moderately differentiated OSCC to poorly differentiated OSCC, could be probably because the mast cells may have been degranulated as the disease progressed. The lack of mast cell granules in the advanced disease states may have resulted in the negative staining with Toluidine blue. This was substantiated by the ultra structural observation of the mast cells in different stages of degranulation and their progressive reduction and disappearance in the advanced states by Rajendran R et al. [27] in OSMF and by Clamon N H et al., in GVHD [28] .
Sudhakar R et al. [29] have also shown an inverse relationship between the mast cells and their vascularity and inflammation, in oral inflammatory lesions.
Finally, the lack of a consensus between the mast cell and the micro vascular densities in OSCC in different studies can be explained as follows:
The growth of a solid tumour is dependent upon an adequate blood supply, which is achieved by the generation of stroma, where the formation of capillaries is a central event and it is also an entry site for the immune inflammatory cells. In other words, in a particular tumour, the number of the micro vessels and the mast cells could be related to the amount of the stromal component. Consequently, the tumours which have more stroma may have more micro vessels and mast cells. For this reason, the variations in the amount of stroma and the tumour cells may influence the average number of the mast cells [23] .
These discordant results could also be due to different methodologies in the assessment of the MCD and the interobserver variation. Although these factors posed potential limitations for a comparison between studies, our results suggested that MCD was useful for detecting the aggressive behaviour in the tumour cells in oral squamous cell carcinoma.
Our study demonstrated a significant statistical correlation between the densities of the mast cells in the advancing grades of oral squamous cell carcinoma (p<0.01, significant at a 1% level).
The significantly higher densities of the mast cells in well and moderately-differentiated OSCC as compared to those in poorlydifferentiated OSCC strongly suggest that the mast cell density may be used as an indicator for the disease progression in the oral carcinogenesis. This finding has a clinical significance in helping in delineating a risk population, which might benefit from adjuvant therapeutic strategies e.g. the mast cell degranulation blocking therapy, But it remains to be tested whether the inhibition of the tumour angiogenesis is feasible when the tumour vessels are mosaically lined by the tumour cells and when the tumours easily find escape routes to switch on to alternative angiogenic programs.
COnClUSIOn
The decrease in the mast cell numbers might possibly reflect an important modification in the microenvironment during the tumour initiation and progression. Currently, the exact functional relevance of the mast cells which surround various tumours is unclear. However, the accumulated evidence indicates that the mast cells may induce the tumour progression by providing a mitogenic stimulation or angiogenesis -the hallmark of the tumour growth and metastasis through the release of various mediators.
MCD may be used as an indicator of the disease progression by helping in delineating a risk population, which might benefit from an attractive adjuvant therapeutic strategy for OSCC. The role of the mast cells in the angiogenesis in OSCC and the role of angiogenesis in the tumour progression need to be further validated by using larger samples that include recurrent cases and follow up studies.
